The retention behavior for a series of amine neurotransmitters, their precursors, metabolites and structurally related drugs has been investigated in reversed-phase thin-layer chromatography using RP-18, RP-8, RP-2, CN and Diol stationary phases and mixtures of phosphate buffer and methanol as mobile phase. According to the computed lipophilicity of the neutral form of the investigated compounds, the most lipophilic compound is dobutamine (log P N 5 3.78), while the less lipophilic is norepinephrine (log P N 5 20.14). The experimental results also show dobutamine as the most lipophilic compound in the case of RP-18 and CN stationary phases (R M0(RP-18) 5 1.58 and R M(CN) 5 1.21), while RP-8 indicates norepinephrine as the less lipophilic one (R M0(RP8) 5 20.70). Both the theoretical computation and the experimental data revealed that only one ionic form of the compounds prevails in the used chromatographic conditions. In addition, the evaluation of the experimental results showed that a similar chromatographic behavior could be assumed in the case of RP-18, RP-8 and CN stationary phases. Moreover, the mR M (mean of the R M values) and PC1/R M (scores of the first principal component) experimental lipophilicity indices showed a high correlation with the computed lipophilicity indices.
Introduction
Amine neurotransmitters, their metabolites and structurally related drugs are well known as important physiologically active compounds. They form a group of important ionizable compounds for diagnosis and therapy monitoring of many disorders of the central nervous system and they are also used in prevention and treatment of some diseases such as hypotension, asthma or chronic obstructive pulmonary disease (1, 2). The presence and the level of amine neurotransmitters and their metabolites in biological fluids such as urine, plasma and serum are also very important in clinical diagnosis (3) . In addition, the lipophilicity (a physicochemical property important for correlation of chemical compounds activity with their biological behavior) plays a central role in the pharmacokinetic profile of molecules (4) . Moreover, it is well known that this essential property is important for the in vivo distribution of organic compounds by influencing their solubility, oral absorption, cell uptake, blood -brain penetration and metabolism and to rationalizing a number of biological events as membrane penetration and permeability (5) . Traditionally, the lipophilicity (log P) of a compound is determined by the 'shake-flask' method but the experimental difficulties involved in this conventional method have been nowadays successfully overcome by using chromatographic methods (6 -10) . These methods are based on the assumed linear relationship between log P and different chromatographic retention-derived parameters. Many authors described the application of the reverse-phase thin-layer chromatography (RP-TLC) to determine the lipophilicity of different chemical compounds or drugs (11) (12) (13) assessing the relationship of this property with biological activity. Nevertheless, the suitability of experimental and theoretical approaches for determination of the lipophilicity of organic compounds, including drugs and especially ionizable compounds, remains a focus of scientific interest. In spite of the crucial importance of lipophilicity and significance of the biological activity of amine neurotransmitters and related compounds, their chromatographic behavior was slightly investigated (14) (15) (16) ) and very few experimental and estimated lipophilicity data are available in the literature (17) .
In the above considerations, the objective of the present study was to investigate the chromatographic behavior of amine neurotransmitter precursors, metabolites and structurally related drugs on different stationary phases, to evaluate their lipophilicity by TLC and to compare them with various computed lipophilicity indices.
Experimental

Chemicals and reagents
The investigated amine neurotransmitters (dopamine hydrochloride; (2)-norepinephrine and (2) epinephrine), their precursors (DL-tyrosine and 3,4-dihydroxy-L-phenylalanie (L-DOPA)), metabolites (tyramine; 3-methoxytyramine; a-ethyl-3-hydroxy-4-methylphenetylamine hydrochloride; 3,4-dihydroxyphenylacetic acid (DOPAC); 3,4-dihydroxymandelic acid (DHMA, DOMA); DL-4-hydroxy-3-methoxymandelic acid (VMA) and homovanillic acid (HVA)) and structurally related drugs (metaraminol (þ)-bitartrate salt; (R)-(2) phenylephrine hydrochloride; ritodrine hydrochloride; dobutamine hydrochloride; 3 0 ,4 0 -dihidroxy-2-(methylamino) acetophenone hydrochloride (adrenalone); albuterol sulfate; metaproterenol hemisulfate salt; terbutaline hemisulfate and methoxamine hydrochloride) of analytical grade were obtained from Sigma-Aldrich and Fluka (Steinheim, Germany). Analytical grade methanol, ethanol and formic acid were purchased from Chemical Company (Ias¸i, Romania). Phosphate salts (sodium dihydrogen phosphate and disodium hydrogen phosphate) used to prepare buffer solutions were from Merck (Darmstadt, Germany). Fluorescamine and 2,2-diphenyl-1-picrylhydrazyl (DPPH) were from Sigma-Aldrich (Steinheim, Germany) and Alfa Aesar (Karlsruhe, Germany), respectively.
Chromatographic conditions
In these experiments, the chromatographic measurements were carried out on different RP-TLC plates: RP-18F 254 (20 Â 10 cm), RP-8F 254 (20 Â 10 cm), RP-2F 254 (20 Â 10 cm), CNF 254 (10 Â 10 cm) and DiolF 254s (20 Â 10 cm) purchased from Merck (Darmstadt, Germany). Standard solutions of the investigated compounds (2 mg mL 21 ) were prepared in methanol and 1 -4 mL (as bands of 0.2 mm) were applied in duplicate by means of a Linomat 5 TLC applicator (Camag, Switzerland) at 15 mm from bottom edge of the plate. Chromatography was performed in a normal developing chamber saturated for 15 min at room temperature (%228C). Mixtures of different proportions of methanol -phosphate buffer were used as mobile phase. The content of organic component was varied between 20 and 60% with an increment of 10%. Because of the tailing spots of most of the investigated compounds, in all cases formic acid was added (0.1%), the following pH values for the working mobile phase being obtained: 7.40 (for 20:60, v/v), 7.60 (for 30:70, v/v), 7.80 (for 40:60, v/v), 8 .00 (for 50:50, v/v) and 8.30 (for 60:40, v/v), respectively. The developing distance was 8 cm in all cases. After the chromatographic elution, the plates were prepared for the detection procedure. Some of the compounds (amine neurotransmitters and metabolites acids) were detected as dark spots at l ¼ 254 nm, while the others were detected at l ¼ 365 nm after spraying the plate with fluorescamine reagent (18) . Due to the antioxidant properties of majority of the investigated compounds, a 0.02% DPPH ethanolic solution (after drying the plates in the oven for 1 h at 658C and cooled at room temperature) could be used as spraying detection reagent in visible mode (white spots on a purple background). Chromatographic lipophilicity indices RP-TLC is a technique frequently used for providing different well-known lipophilicity estimators. The most common are based on the R M values, derived from retention factor R F , as was defined by the Bate-Smith and Westall equation (19) 
where b represents the slope directly related to the specific surface area of the stationary phase and C represents the volume fraction of the organic solvent in the mobile phase) allows to estimate the lipophilicity indices R M0 (21) . Recently, new parameters, like arithmetic mean (mR M ) of R M values have been successfully applied as relevant lipophilicity indices (17, 22) . In addition, the usefulness of chemometrics to perform a thorough analysis of chromatographic data led to new indices (as PC1/ R M -scores corresponding to the first principal component 
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Log D IP CLOGP ALOGpS AC log S Av log S ACD/ log Sw Values computed by ACD/Percepta calculations software using different algorithms: ACD/log P Classic (log P(1)); ACD/log P GALAS (log P (2)) and ACD/log P consensus (log P (3) obtained by applying the principal component analysis on the retention data R M ) encoding information on the lipophilic behavior of different classes of compounds and revealing insights into their interaction mechanism (10, (23) (24) (25) .
Computed lipophilicity indices
Nowadays, there are a large number of computer software capable of calculating different lipophilicity descriptors based on various algorithms. Some of them have been used in this paper for computation of different partition coefficients (log P and log D) and solubility parameters. Lipophilicity indices based on electrotopological-state descriptors (ALOGPs), group contributions descriptors (AC log P and mi log P), fragmental methods and reductionist approaches (KOWWIN), atom type and correction factors descriptors (XLOGP2, XLOGP3) and the solubility descriptors (ALOGpS, AC log S and Av log S) have been obtained using the Virtual Computational Chemistry Laboratory website (ALOGPs 2.1, http://www.vcclab.org). As the electronic structure of the investigated amines and related compounds may imply even ionic forms, different log P (log P N , log P I and diff log P (N -I) , concerning both neutral and fully protonated species) and log D values (log D IP at the isoelectric point and log D -computed using Classic algorithm, ACD/log P (2) -computed using GALAS algorithm, ACD/log P (3) -computed using Consensus algorithm and CLOGP) and solubility indices (ACD/log S w and ACD/log S) were computed. In addition, values for the reference octanol-water partition coefficients of the investigated compounds were taken from different databases (Bio-Loom from BioByte database-log P (oct) ; Interactive Log K ow KowWin database (http://esc.syrres. com/esc/est_kowdemo.htm)-log P (exp) (1) and database from ACD/log P software-log P (exp) (2) ). All the computed lipophilicity indices for the investigated compounds are given in Table I . Multivariate data analysis (PCA) and correlation matrices were performed using the Statistica software, version 7.0 (http://www. statistica.com).
Results
Chromatographic behavior evaluation
The chromatographic behavior of the investigated amine neurotransmitters, precursors, metabolites and structurally related drugs (Table II ) on different stationary phases shows a linear relationship (Table III) Evaluation of the experimental lipophilicity indices According to their structure and theoretical lipophilicity values of the possible ionic form that prevails, the investigated compounds can be grouped into three classes ( Figure 1 ): (i) carboxylic acids (compounds 9-12), (ii) amines and a/ b-hydroxylamine (compounds 3 -8 and 13 -21) and (iii) aminoacids (compounds 1 and 2). Also, the theoretical computations of lipophilicity show dobutamine (compound 16) as the most lipophilic (log P N ¼ 3.78) and noreprinephrine (compound 4 the less lipophilic one (log P N ¼ 20.14). From the obtained experimental results (Table IV) , it can be observed that neurotransmitterrelated drugs have generally a higher lipophilicity than For more insights into the experimental-computed lipophilicity descriptors relationship, a correlation matrix was performed using a series of different computed lipophilicity parameters (log P and log D) and solubility indices ( presented in Table I ). The evaluation of the best obtained results (Table VI) showed a high statistical correlation between experimental lipophilicity parameters mR M and PC1/R M evaluated on RP-18, RP-8 and CN stationary phases and lipophilicity indices computed using the ACD/Percepta calculations software (ACD/log P (3) ). Additionally, significant correlations of the specified experimental lipophilicity parameters with AC log P, ALOGP, MLOGP and the solubility indices (AC log S, Av log S and ACD/log S) were observed especially in the case of CN stationary phase.
As it can be observed in Table I , the reference octanol -water partition coefficient was determined (according to the literature) only for some compounds. Surprisingly, the correlation with the conventional partition coefficients octanol-water (Table VI) shows that, besides the mR M and PC1/R M parameters, the R M0 values can be relevant in the lipophilicity evaluation of the investigated compounds if the RP-18, RP-8 and CN stationary phases are used in the experimental determinations.
Discussion
Even most of the studied amine neurotransmitters, precursors, metabolites and related drugs could be present in the chromatographic system in several forms (are easily ionizable) and could be susceptible to the secondary mechanisms of interaction with more or less non-polar stationary phase, the theoretical computations related to the ionic form that prevails (Table II) were sustained by the experimental results obtained in the working pH conditions and using the RP-18, RP-8 and CN stationary phases.
The retention mechanism operating in individual chromatographic systems varies with the nature of the interactions among the analytes, the stationary phase and the mobile phase. In the TLC partitioning process, various types of interactions governed by different forces can take place. Generally, in the RP-TLC retention mechanism, hydrogen bonding, dipole-dipole, hydrophobic and dispersive interactions have been found (26) , depending upon the stationary phase polarity, nature of mobile phase and the nature of the investigated compounds. Applying the PCA analysis on the covariance matrix of the retention data, the eigenvectors corresponding to principal components (loadings values) have been used in the literature to reveal some insights into the interaction nature of compounds with different stationary phases (10, 25, 27) . Based on the obtained results, in the case of the investigated compounds, a linear dependence of the loadings profiles with the organic solvent concentration was observed and a similar chromatographic behavior could be assumed in the case of RP-18, RP-8 and CN stationary phases for all of the investigated compounds. In addition, a high correlation between experimental and computed lipophilicity parameters was obtained when these stationary phases were used for the experimental determinations.
Conclusion
A comprehensive TLC investigation into the retention of amine neurotransmitter precursors, metabolites and structurally related drugs on different stationary phases revealed a similar chromatographic behavior on RP-18, RP-8 and CN stationary phases and more polar interactions for some of the investigated compounds in the case of Diol. The significant correlations obtained between experimental and some computed lipophilicity indices revealed that the mR M and PC1/R M are relevant lipophilicity parameters for the investigated compounds and the Log P (exp) (2) are values of reference octanol -water partition coefficients (for 11 of the investigated compounds) taken from the ACD/Percepta software (http://www.acdlabs.com/products/percepta/predictors/logp/).
